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human breast tumor MCF-7 multi-cellular spheroids maintained
similar glycolytic rates (3-5 nmol/min/106 cells), which correlated
with similar protein contents (GLUT1, GLUT3, HKII, and LDH-A) and
enzyme activities (HK and LDH). Enhanced glycolytic ﬂuxes in both
cell layer fractions also correlated with higher expression of the
transcriptional factors HIF-1a and TIGAR compared to MCF-7
monolayer cultures. On the contrary, the contents of the mitochon-
drial proteins ND1, SDH, COXIV, PDH, 2-OGDH, glutaminase, and ATP
synthase (3-20 times) as well as the respiratory chain enzyme
activities (COX, SDH) and the oxidative phosphorylation (OxPhos)
ﬂux (2-times) were higher in PRL vs. QS. Enhanced mitochondrial
metabolism in the PRL layers correlated with an increase in the
oncogenes h-Ras and c-Myc, and transcription factors p32 and PGC-
1α involved in the OxPhos activation. On the other hand, the lower
mitochondrial function in the QS layers was associated with an
increase in Atg7, Beclin, LC3B, Bnip3 and LAMP protein levels
indicating active mitophagy and lysosome biosynthesis. Although a
substantial increase in glycolysis was developed, OxPhos was the
main ATP supplier in both QS and PRL cell layers. Therefore, anti-
mitochondrial therapy by using oligomycin or Casiopeina II-gly was
effective to arrest MCF-7 spheroid growth (IC50≈20–25 nM)
without apparent effect on normal epithelial breast tissue at similar
doses; canonical anti-neoplastic drugs such as cisplatin and tamox-
ifen were signiﬁcantly less potent.
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Measuring mitochondrial dysfunction is increasingly important in
the study of neurodegenerative and cardiovascular diseases, meta-
bolic syndrome, diabetes, cancer, and aging. Mitochondrial function is
usually measured by oxygen consumption rates using respirometry
methods. However, a critical aspect of mitochondrial function may be
overlooked when only O2 consumption is employed: the tricarboxylic
acid (TCA) or Krebs cycle, a central metabolic pathway. Measuring the
TCA cycle function requires monitoring the ﬂux of an additional
analyte, such as carbon dioxide (CO2). The reported method describes
simultaneous monitoring of carbon dioxide evolution rates (CDER)
and oxygen consumption rates (OCR) using isolated mitochondria
and intact cells, in real-time, using the XF24-3 Analyzer. This
technology employs ﬂuorescent sensors speciﬁc for CO2 and O2,
which operate reversibly, and reveal details of mitochondrial
respiration and the TCA cycle. Results indicate that O2 consumption
and CO2 evolution may be monitored simultaneously, and that data
agrees with attributes of TCA cycle and mitochondrial function
obtained by other methods. Differential rates of O2 and CO2 ﬂux can
be identiﬁed, relative to substrate utilization and interdependency
among the TCA cycle, electron transport, and oxidative phosphory-
lation systems.
doi:10.1016/j.bbabio.2012.06.330
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The still rising prevalence of obesity stimulates intensive research on
white adipose tissue biology in diet-induced or genetically obese mice
as model organisms. Studies on obesity and its common co-morbidities
indicate a so far underestimated relevance of mitochondria for both
white adipocyte function as well as whole body energy balance
regulation. Protocols for the bioenergetic analysis of mitochondria
isolated from white adipocytes using state of the art respirometry
technology are lacking. White adipose tissue is only equipped with a
low respiratory capacity and it is a complex and dynamic tissue
consisting of multiple cell types such as endothelial cells, pericytes,
ﬁbroblasts, preadipocytes, mature adipocytes and macrophages. The
main challenge is to isolate intactmitochondria frommature adipocytes
in quantities sufﬁcient for comprehensive bioenergetic analyses.
We established a new protocol for the isolation of intact mitochon-
dria frommurinewhite adipocytes suitable for high throughput 96-well
microplate respirometry. Therewith substrate speciﬁc bioenergetic
proﬁles including basal respiration, ATP turnover, proton leak and
maximal respiration rates as the key parameters of mitochondrial
function can bemeasured. This new technology will be applicable to A)
elucidate regional differences in mitochondrial function in adipocytes
isolated from different adipose tissue depots, B) to study the potential
inﬂuence of genetic and dietary manipulations of body adiposity on
mitochondrial function in adipocytes and C) to identify adipocyte
speciﬁc mitochondrial proteins.
doi:10.1016/j.bbabio.2012.06.331
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Recent data supports the cancer stem cell (CSC) theory accounting
for their ability to evade chemotherapy resulting in tumor regrowth [1].
Our objective is to ﬁndmitochondrial and overall metabolic differences
which can explain selective CSC survival. P19 embryonal CSC and
retinoic acid-differentiated cells (dCC) were used. Metabolic proﬁles
were evaluated by 13C isotopomer analysis using 1H nuclear magnetic
resonance showing increased lactate production on CSC. dCC NMR
spectra show a more complex metabolic proﬁle. Mitochondrial
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morphology, mtDNA copy number, mPTP, oxygen consumption and
ATP/ADP ratio were evaluated. Although showing equal amounts of
mtDNA and Tom20 protein, CSC have round and small depolarized
mitochondria, while dCC show a polarized and ﬁlamentous mito-
chondrial network with higher oxygen consumption and ATP/ADP
content. The mitochondrial transcription factor (mTFA) appears on its
inactive form in CSC, which occurs with a lower content of the
mtDNA-encoded subunit MT-CO1 in this experimental group. Our
results showed differences in the expression of some classical
components/regulators of the mPTP: cyclophylin D is more present
in CSC, while the adenine nucleotide translocator (ANT) is more
present in dCC. Moreover, cobalt quenching of calcein mitochondrial
ﬂuorescence as an end-point for mPTP opening shows a 40% decrease
in dCC vs CSC. Cyclosporin A inhibits cobalt quenching in CSC,
increasing ﬂuorescence up to 127%, not showing signiﬁcant inhibition
in dCC. In addition, cleaved caspase 3 is expressed in CSC; however,
caspase 3, 8 and 9-like activities are higher in dCC, demonstrating a
non-death role for caspase 3 on CSC. P19 cells were also grown in
galactose/glutamine-containing media to force a metabolic remodel-
ing to oxidative phosphorylation. In this case, the galactose/glutamine
media decreased the cell proliferation rate and induced differentia-
tion of CSC.
In conclusion, CSC quiescent mitochondria contribute for their
glycolytic proﬁle maintaining their stemness. Stimulation of mito-
chondrial activity may render CSCs prone to chemotherapy.
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Thyroid hormones (THs) are recognized key regulators of
mitochondrial biology. Key elements of the hypothalamic-pituitary-
thyroid (HPT) axis are expressed in human skin, and TRH (thyrotro-
pin-release hormone) and TSH (thyrotropin) are potent regulators of
the mitochondrial biology of human epidermis [1,2]. Arguing that
hair shaft production and hair follicle (HF) cycling are highly energy-
consuming processes, we asked whether and how TRH, TSH and the
THs triiodothyronine (T3) and thyroxine (T4) also impact on the
mitochondrial biology of human scalp HFs. Therefore, microdissected
human HFs were treated with T3 (100 pM), T4 (100 nM), TRH
(30 nM) or TSH (100 mU/mL) for 24 h in human HF organ culture.
This revealed increased gene and protein expression of MTCO1 and
TFAM by RT-qPCR and immunostaining. Moreover TRH, TSH and THs
stimulated mitochondrial energy metabolism in HFs, i.e. complex I
(NBT reduction assay) and IV activity (cytochrome c oxidation).
Increased heat production (measured by calorimetry) after T3
treatment conﬁrmed this. In addition TRH, TSH, T3 and T4 stimulated
intrafollicular mitochondrial biogenesis, as demonstrated by in-
creased porin immunoreactivity (voltage-dependent-anion-channel,
VDAC1) and an increased number of ultrastructurally detectable
perinuclear mitochondria by transmission electron microscopy.
Since increased mitochondrial activity can also be detrimental via
enhanced ROS-mediated oxidative damage, we checked ROS produc-
tion in human outer root sheath (ORS) keratinocytes after HPT axis
hormone treatment. This did not alter the basal level of ROS. Instead,
T3 and T4 even reduced H2O2-induced increased intrafollicular ROS
production. In addition by RT-qPCR we found a signiﬁcant increase of
catalase mRNA level in treated ORS keratinocytes, whereas SOD2
mRNA level was increased just in TSH and T4 treatment.
These data provide the ﬁrst evidence that energy metabolism,
mitochondrial function and redox state of human HFs are subject to
profound (neuro-)endocrine regulation by all four key players of the
HPT axis: TRH, TSH, T4 and T3, two of which are even locally generated.
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In yeast Saccharomyces cerevisiae, one of tRNAsLys (tRNALys or
tRK1) is partially associated with mitochondria and functioning in
mitochondrial translation which becomes essential in temperature
stress conditions. Its inhibition also causes a conditional phenotype of
mitochondrial deﬁciency [1,2]. Import of tRK1 has ATP/ΔΨ dependent
character and it has been shown that tRK1 has to be aminoacylated in
the cytosol by the lysyl-tRNA-synthetase (KRS) and that its import
requires two cytosolic targeting factors— the enolase-2, an enzyme of
the glycolytic pathway, and the cytosolic precursor of the mitochon-
drial lysyl-tRNA-synthetase (preMSK) [3,4].
However, in spite of that import of tRK1 requires the preMSKand their
co-import through the pre-protein import machinery may be suggested,
analysis of yeast strains, carrying deletions of non-essential genes coding
for proteins of the pre-protein import machinery revealed that none of
these mutations had an effect on tRK1 import. Additional experiments
with recombinant fusion protein cytb2-DHFR (consists of ﬁrst 167 amino
acids of cytochrome b2 and entire mouse dihydrofolate reductase) [5]
conﬁrmed that after blockage of TOM40 channel approximately half
of tRK1 still was imported to mitochondria. With the help of North-
Western analysis combined with tandem mass spectrometry (MALDI
TOF) several proteins, among which mitochondrial porins 1, 2 (Por1,
Por2) and TOM40 were identiﬁed as potential binders of tRK1 upon
its import into mitochondria.
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